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• Energy reduction targets
• Smaller more intensely occupied buildings
• Air tightness
• Increasing importance of ventilation - both energy and health
• Performance Gaps - energy and environmental performance
• Potential unintended negative consequences
Ventilation Context
Reduced energyGood IAQ
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• Assessment of Environmental and Energy effects of Domestic Laundering EPSRC £522k 
• Sunshine and well-being in housing, AHRC £52k 
• Guidance for Occupants of Low Energy Homes, Scottish Building Standards £15k 
• Knowledge Transfer Partnership with Cartwright Pickard Architects, London IUK, £135k 
• Research Project To Investigate Occupier Influence On Indoor Air Quality In Dwellings, Scottish Building Standards, £40k 
• Building Performance Evaluation - BPE Programme, IUK £520k 
• Expert Evaluator 
• The Glasgow House (Phase 1) 
• Inverness expo (8 houses) 
• Bloom Court Livingston (2 + 6 houses) 
• Ti-na-Cladich, Dunoon (3 houses) 
• Queens Cross, Glasgow (6 houses) 
• Murray Place, Barrhead (3 houses) 
• Dormont Park, Dumfries (4 houses) 
• Meta study of MVHR system in domestic properties IUK £60k 
• Knowledge Transfer Project - John Gilbert Architects. Unintended consequences of retrofit, IUK, £179k 
• Network - Health effects of modern airtight construction, AHRC £52k 
• BPE monitoring projects for Glasgow Housing Association - MVHR and naturally ventilated houses. 
• Gannochy Trust, design advice for low energy, high air quality homes £100k 
• Ability of dMEV to act as ‘whole-house’ ventilation systems in new-build dwellings £30k 
• Influence of ventilation design on the prevalence of anti-microbial bacteria in homes £250k 
• 'A comparison of ventilation rates in bedrooms with lung function of children with asthma' 
• 'Indoor environmental quality in homes and children's health
Relevant recent projects
• Increasing use of indoor drying - possible moisture and health effects 
Environmental Assessment of Domestic 
Laundering
173.0 ANALYTICAL EVIDENCE
Perhaps more importantly, Aspergillus fumigatus was found in 
25% of the sample. This “causes invasive allergenic disease” where 
immune systems are vulnerable6 and “can be very dangerous”7.
The Glasgow data shows an apparent association between 
absence of indoor passive drying and the CFU/m3 count, which 
consistently tends to be lower when it is absent than when it is 
present. This trend was evident and presents strongly in statistical 
analysis, taking into account other potential influences such as open 
windows, mechanical extraction, floor coverings and houseplants.
It was further evident from monitoring of 22 case studies that the 
presence of mould is usually associated with high moisture levels, but 
that does not mean that high moisture levels will necessarily result 
in mould, as dew point of bounding surfaces is dependent on the 
temperature regime and air movement.
For eight case studies, which either tumble dry exclusively or 
predominantly, the average spore count (geometric mean) for living 
rooms and bedrooms is 644 CFU/m3; and for three where outside 
drying is the only or dominant means, the average is very similar at 
680 CFU/m3. But for nine where all washing is dried passively indoors, 
the average rises to 1,398 CFU/m3 as illustrated in Graph 4. 
GRAPH 4 Mould spore concentration (CFU/m3) for predominant drying methods
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CFU = colony forming unit (mould spores), expressed per m3 from analysis of air 
samples; where more than 1,000 is regarded as ‘high’; 700-1,000 as ‘moderately high’; 
500-700 as ‘moderately low’; and less than 500 as ‘low’. 
 
Due to the influence of ‘outliers’, the arithmetic means display an 
even greater contrast. Taking the above into account, with statistical 
analysis to back it up, it would seem that the presence of damp 
material drying slowly over a period of several hours tends to be 
more potent in terms of fostering fungal spores, compared with other 
common household moisture sources. 
without visible mould growth’, Atmospheric Environment, 41, pp 5192-5201.
6 Cramer, RA et al (2011) ‘Immune responses against Aspergillus fumigatus: what 
have we learned?’, Current Opinion in Infectious Diseases, 24, pp 315-322
7 University of Cambridge (2011) ‘Fungi and Lichens’, Map of Life website
http://www.mapoflife.org/browse/category_30_Fungi-and-Lichens
AIR QUALITY ISSUES IN 
EXISTING HOUSING STOCK
Poor indoor air quality was evident in 
existing housing before the Glasgow 
laundering study highlighted this in 
monitored data from 22 case studies.+
Current trends towards airtight 
construction suggest increasing 
reliance on mechanical heat recovery 
ventilation (MHRV) to provide an 
adequate level of ventilation, which is 
not necessarily the case.
Scottish Technical Standards, Section 6 
Energy – Limiting Uncontrolled 
Air Infiltration (6.2.4) recommends 
acceptable airtightness levels of 
10 m3/h.m2 @ 50 Pa.
Current building regulations state 
that where infiltration rates of less 
than 5m3/h.m2 @ 50 Pa are intended, 
a MHRV system should be used.
Passivhaus standard stipulates 
airtightness lower than 5 m3/h.m2  
@ 50 Pa.++
+ Also identified in other MEARU-supervised 
projects3. Fung, J W (2008) ‘The Unintended 
Negative Consequences of Decision-
making in Glasgow’s Social Housing 
Sector’, PhD thesis, Mackintosh School of 
Architecture, Glasgow.
++ Passive House, Passivhaus or Passive 
(Energy) House is a voluntary industry 
standard that results in buildings that require 
little or no energy use for heating or cooling.
Porteous, Colin, Sharpe, Tim, Menon, Rosalie, Shearer, Donald, Musa, Haruna, Baker, Paul, Sanders, Chris, 
Strachan, Paul, Kelly, Nick and Markopoulos, Taso (2013) Domestic laundering – environmental audit in 
Glasgow with emphasis on passive indoor drying and air quality. Indoor and Built Environment. ISSN 
1423-0070
Porteous, Colin, Sharpe, Tim, Menon, R. A., Shearer, D., Musa, H., Baker, P. H., Sanders, C. H., Strachan, 
P. A., Kelly, N. J. and Markopoulos, A. (2012) Energy and environmental appraisal of domestic laundering 
appliances. Building Research & Information, 40 (6). pp. 679-699. ISSN 1466-4321
http://www.homelaundrystudy.net
Sunshine Health and Wellbeing
• AHRC funded study 
• Investigating the health effects of sunshine and ventilation 
• Survey of high rise blocks in Glasgow 
• Microbial Sampling 
• Environmental monitoring 
• Mental Wellbeing (WEMWEBS) 
• Physiological distress (GHQ12) 
• Access to sunlight appears to have been an important 
factor in influencing the psychological health of the 
participants of the pilot study 
• Especially individuals who spent a lot of time at home
Robertson, Lynette, Sharpe, Tim, Swanson, Vivien, Porteous, Colin and Foster, 
Janice (2015) Sunlight accessibility indoors and mental health: evidence from a 
social housing community in Glasgow, Scotland [Conference paper]. In: VELUX 
Daylight Symposium 2015, 2-3 September, London.

Vivien Swanson Tim Sharpe Colin Porteous Colin Hunter and Donald Shearer 
(2016) Indoor Annual Sunlight Opportunity in Domestic Dwellings May Predict Well-
Being in Urban Residents in Scotland . Ecopsychology DOI: 10.1089/eco.
2015.0059  (in press)

Innovate UK Building Performance Evaluation (BPE)
• £8m Innovate UK funding – 2010 to 2014 - total 
four year programme of project activity 
• Domestic: 53 projects (350 dwellings) 
• 23 Phase 1 projects 
• Post construction & initial occupation  
• 30 Phase 2 projects 
• In-use performance & post occupancy 
evaluation 
• Non–domestic: 48 projects (55 study buildings) 
• 8 Under construction & early occupation 
• 40 In-use
Ventilation in BPE study houses
• MEARU engaged in monitoring 7 domestic 
projects in Scotland
Ventilation observations
• IUK studies 
• Observed through measurements of CO2 
• < 1000ppm = 8 litres/s per person = good ventilation 
“..ventilation rates above 0.4 h-1 or CO2 below 900 ppm in homes seem to be the 
minimum level to protect against health risks based on the studies reported in the 
scientific literature”    Wargocki, P. The Effects of Ventilation in Homes on Health. Int. J. Vent. 2013; 12, 101–118.
Ventilation and air infiltration 4-3
4.2.4 Outdoor air quality
Ventilation supply air must be clean. Although filtration
for particles and gaseous pollutants is possible it is expen-
sive and is not practicable on a population-wide basis.
Within the UK, outdoor air quality is addressed by The
National Air Quality Strategy for England, Scotland and
Northern Ireland(18). Areas of poor air quality are designated
‘air quality management areas’ in which special consider-
ation is needed when planning developments. Information
on outdoor air quality for specific locations is available
from the environmental officer of the relevant local
authority.
Pollution generated from very localised sources such as
from adjacent exhaust stacks, polluting processes and local
traffic must be dealt with by source control and by the
careful placement of air intakes. Intake location is
considered in CIBSE TM21(4).
4.2.5 Ventilation for cooling
In buildings without mechanical cooling, high rates of air
change are used to assist in providing thermal comfort in
summer. More details are given in section 4.6.3.6. There is
a limit to the effectiveness of natural cooling and it is
important that all sources of internal heat gain as well as
solar gain are minimised. Very often, peak temperatures in
standard buildings will exceed the outdoor peak tempera-
ture by three or more degrees. At best, peak indoor
temperature can be maintained at a degree or so below the
peak outdoor temperature but this is only possible by
means of night cooling combined with thermal mass.
Nevertheless, good passive design can minimise the
periods during which mechanical cooling may be needed
and can also substantially reduce the size of cooling plant,
perhaps restricting its need to only essential locations. 
Note that the heat island effect can reduce the oppor-
tunities for night cooling in urban areas, see chapter 2,
section 2.10.2.
4.2.6 Ventilation to transport 
thermally conditioned air
The ventilation system in large commercial buildings is
widely used to transport heated and cooled air. Since the
volume of air required to fulfil this task is frequently
several times larger than the fresh air requirement, a
significant part of the ventilation air is recirculated.
Where recirculation is undesirable, thermal and latent
heat recovery systems are used to recapture losses and
used to pre-condition the supply air stream.
4.3 Ventilation techniques
Ventilation may be provided by natural, mechanical or
mixed mode methods. The fundamentals of these tech-
niques are summarised below. More detail is presented in
chapter 2 of CIBSE Guide B(1).
4.3.1 Natural ventilation
Natural ventilation is driven by the climatic forces of wind
(wind effect) and temperature (stack effect). For this
reason, natural ventilation is highly variable since, at any
instant, both the pattern of air flow and the rate of
ventilation will depend on the prevailing weather condi-
tions. If an annual temperature span of between –10 ºC to
+30 ºC is considered, combined with wind speeds of
0–10 m·s–1 and 8 cardinal wind directions, a system could
be subjected to over 3000 different sets of driving
conditions during the course of a year. Despite the possi-
bility that this range may be reduced by prevailing wind,
shelter and micro-climate as well as by the ventilation
design, allowance must be made for the fact that many
conditions will occur. Therefore, a natural ventilation
design must be flexible so that it can respond to the
variability in climate. Ideally, for detailed design, hourly
temperatures, windspeeds and wind directions for key
design years should be verified. Some basic calculation
guidelines are given in section 4.7.4. A full review of
natural ventilation configurations and examples is given
in CIBSE AM10(2).
4.3.2 Mechanical ventilation
Mechanical ventilation is applied by means of driving fans
and a network of ducts. In large office buildings, mechan-
ically supplied air is usually filtered and thermally
conditioned by heating and cooling. Key variations are:
(a) Supply-only ventilation: supply-only systems incor-
porate mechanical supply fans to provide fresh air
combined with a network of passive outlets (vents)
for the exhaust of air. Because the air is mechan-
ically supplied (or ‘pushed’ into the space), the
building will be at a positive pressure with respect
to the ambient outdoor atmospheric pressure. The
central location of supply means that the supply
air can be pre-cleaned by filtration and that the
risk of air entering the space from fabric leakage
cracks is reduced.
(b) Extract-only ventilation: extract systems incorporate
mechanical fans to extract or suck air out of a
space. Make-up fresh air is provided by a network
of passive supply openings. Because air is being
Table 4.2 Approximate maximum sedentary CO2 concentrations associated with CEN indoor air
quality standards (BS EN 13779)(19)
Classification Rise in indoor CO2 Default value Range in outdoor Total indoor 
concentration / ppm / ppm concentration / ppm value* / ppm
IDA1 <400 350 350–400 700–750
IDA2 400–600 500 350–400 850–900
IDA3 600–1000 800 350–400 1150–1200
IDA4 >1000 1200 350–400 1550–1600
* i.e. concentration rise plus outdoor value
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4-2 Environmental design
pi Inside pressure of building (Pa)
po j External pressure due to wind and temperature
acting on path j (Pa)
pw Surface pressure due to wind (Pa)
qv Volumetric flow rate through opening (m
3·s–1)
qvb Volumetric flow rate due to stack effect only (m
3·s–1)
qvc Volumetric flow rate through crack (L·s
–1)
qvm Volumetric flow rate for mechanical ventilation
system (m3·s–1)
qvt Total volume flow rate (m
3·s–1)
qvw Volume flow rate due to wind only (m
3·s–1)
v Mean wind speed (m·s–1)
vm Mean wind speed measured in open country at
datum height of 10 m (m·s–1)
vr Mean wind speed at building roof height (m·s
–1)
vz Mean wind speed at height z (m·s
–1)
z Height above ground level (m)
z1, z2 Heights above ground of centres of openings 1 and 2
(m)
α Wind angle (º)
∆Cp Difference in wind pressure coefficient
∆p Pressure difference (Pa)
∆z Difference between heights z1 and z2 (m)
∆θ Difference between mean inside and outside 
temperatures (K)
ε Ratio of areas of openings 1 and 2
θ– Mean of inside and outside temperatures (K)
θf Surface temperature of internal surfaces of
building fabric (ºC)
θi Inside temperature (ºC)
θo Outside temperature (ºC)
λ Total number of flow paths
ρ Density of air (kg·m–3)
Φv Heat transfer by ventilation (W)φ Angle of window opening (º)
Note: in compound units, the abbreviation ‘L’ has been
used to denote ‘litre’.
4.2 Role of ventilation
4.2.1 Background
Ventilation is the process by which fresh air is provided to
occupants and by which concentrations of potentially
harmful pollutants are diluted and removed from a space.
Ventilation is also used to passively cool a space and as a
mechanism to distribute thermally conditioned air to a
space from heating and cooling plant. 
From an energy perspective, losses resulting from venti-
lation and general air exchange can account for more than
half of the primary energy used in a building. These losses
comprise space heating and refrigerative cooling losses as
well as the electrical load associated with driving
mechanical services.
4.2.2 Minimum ventilation rates for 
air quality 
See chapter 1, section 1.7 and chapter 8, section 8.4.
Ventilation is critical for minimising the concentration of
harmful pollutants. It is for this reason that higher
ventilation rates are usually associated with improved
health. 
The amount of ventilation required for air quality depends
on:
— occupant density
— occupant activities
— pollutant emissions within a space.
European Standard BS EN 13779: Ventilation for buildings.
Performance requirements for ventilation and air-conditioning
systems(19) provides basic definitions of air quality
standards in occupied spaces and relates these to fresh air
ventilation rates required for each occupant (in terms of
L·s–1 per person). These are summarised in Table 4.1.
It is important to note that these definitions relate to
comfort air quality and need not necessarily reflect the
purity of air with respect to health related contaminants.
It is assumed that the space is relatively free from sources
of pollution and that the ventilation air is itself pure. 
From April 2006, Building Regulations Part F(9) will
require a minimum ventilation rate of 10 L·s–1 per person
for most non-domestic applications. This fits between
classes IDA2 and IDA3 in Table 4.1.
For guidance on ventilation techniques, see CIBSE Guide
B(1).
Table 4.1 Ventilation and indoor air quality classification (BS EN
13779)(19)
Classification Indoor air Ventilation range Default value
quality / (L·s–1/person) / (L·s–1/person)
standard
IDA1 High >15 20
IDA2 Medium 10–15 12.5
IDA3 Moderate 6–10 8
IDA4 Low < 6 5
4.2.3 Ventilation rate and metabolic 
carbon dioxide
Because carbon dioxide is emitted as part of the metabolic
process, the resultant increase in CO2 concentration above
the ambient outdoor value can be used as an estimate of
the adequacy of ventilation. In this respect, CO2 is
considered as a tracer gas and, even at concentrations
associated with unacceptably low ventilation, is rarely
regarded as harmful. The rate of emission of CO2 is
dependent on the degrees of physical activity. Guidelines
related to CO2 concentrations almost always refer to
sedentary environments and do not apply to areas of
substantial physical activity (e.g. manual labour and sports
activities). Also, it takes a finite period for CO2 to reach a
steady state level thus monitoring a space shortly after
occupancy commences may give an erroneously low result.
Subject to the above caveats the increase in CO2 con-
centration above the ambient outdoor concentration that
reflect the air quality classifications of Table 4.1 are
summarised in Table 4.2.
Janice Ann Foster, jm
ay67@
btinternet.com
, 10:02am
 13/02/2013, 1, 24512
Ventilation observations
• IUK studies 
• Observed through measurements of CO2 
• < 1000ppm = 8 litres/s per person = good ventilation 
“..ventilation rates above 0.4 h-1 or CO2 below 900 ppm in homes seem to be the 
minimum level to protect against health risks based on the studies reported in the 
scientific literature”    Wargocki, P. The Effects of Ventilation in Homes on Health. Int. J. Vent. 2013; 12, 101–118.
Howieson, S.G., Sharpe, T. and Farren, P. (2013) Building tight – ventilating right? How are new air tightness standards aﬀecting indoor air quality 
in dwellings? Building Services Engineering Research and Technology, 35 (5). pp. 475-487. ISSN 0143-6244
Bedrooms
Sharpe, Tim, Porteous, Colin, Shearer, Donald and Foster, Janice (2014) An assessment of environmental conditions in bedrooms of contemporary low energy houses in 
Scotland. Indoor and Built Environment.
Ventilation observations
Mechanical extract systems 
• 83% underperforming 
• 71% failing design performance criteria
Dwelling Fan	 Avg	 Design	 Pass/Fail	
IA1 Kitchen 25.60 60 Fail
U1lity 29.40 30 Pass
Shower 7.50 15 Fail
Bathroom 7.50 15 Fail
IA2 Kitchen 34.50 60 Fail
U1lity 31.90 30 Pass
Shower 3.70 15 Fail
Bathroom 4.60 15 Fail
IB1 WC 3.20 7 Fail
Bathroom 4.90 15 Fail
IB2 WC 5.20 7 Fail
Bathroom 4.00 15 Fail
Kitchen 62.60 30 Fail
IC1 Kitchen 5.80 60 Fail
Bathroom 7.30 15 Fail
IC2 Kitchen 8.50 60 Fail
Bathroom 5.90 15 Fail
ID2 Kitchen 26.10 60 Fail
Bathroom 6.90 15 Fail
BC1 Bathroom 11.83 15 Fail
Kitchen 64.27 60 Pass
BB1 Bathroom 17.30 15 Pass
Kitchen 71.87 60 Pass
BA1 WC 12.40 15 Fail
Bathroom 2.80 15 Fail
Kitchen 0.00 60 Fail
GB3 Bathroom 9.20 15 Fail
Kitchen 32.57 60 Fail
GB1 Bathroom 11.13 15 Fail
Kitchen 41.43 60 Fail
GB2 Kitchen 30.10 60 Fail
Bathroom 16.30 15 Pass
LA5 Kitchen 67.80 60 Pass
Bathroom 4.60 15 Fail
LA6 Kitchen 73.80 60 Pass
Bathroom 7.40 15 Fail
 FINAL September 2014  
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Fig 9.1: Powered flow hood in operation showing volume flow rate of kitchen fan 
 
The equipment was operated as per the manufacturer’s instructions. Fans were switched 
to operate and three volume flow measurements were taken at each fan inlet (in litres 
per second), once the air flow had stabilised. The exception from this was one kitchen 
extract fan, due to arrangement of appliances it was not possible to take measurements 
one the fan inlet, therefore for this fan air flow measurements were taken on the air 
outlet. The final result of the testing for each fan was an average of the three 
measurements taken. 
 
9.1.3 Fan Test 
 
In each of the two test dwellings the ventilation strategy is for natural ventilation to all 
rooms via openable windows and background ventilators (trickle vents at window heads) 
with intermittent mechanical extraction for ‘wet’ spaces. 
In each kitchen an ‘Airflow Icon’ fan is installed in locations away from the hob. These are 
operated manually by a separate isolation switch adjacent to the fan unit. The WCs are 
fitted with ‘Airflow Icon’ extract fans operated on the light switch with run-on timer, 
isolation switches are wall mounted in the adjacent landing. 
In one house, the bathroom is fitted with an Addvent wall mounted extract fan; this is 
fitted with a ‘wall kit’ and discharges through a louvre mounted on the gable wall. The 
bathroom in the second property is fitted with a ceiling mounted ‘Airflow Icon’, extract 
air is ducted approximately 4 meters to discharge louvre. The duct is concealed within a 
ceiling. The isolation switches for both of these fans are immediately adjacent to the fan 
units within the bathrooms. 
 
Ventilation effects
• Risk of dust mite population 
• Particularly in high occupancy which has standard ventilation provision
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Research Project To Investigate Occupier Influence On 
Indoor Air Quality In Dwellings 
Building Standards Directorate
Prof Tim Sharpe MEARU 
Jonathan McQuillan Anderson Bell Christie

Dr. Stirling Howieson, University of Strathclyde

Paul Farren ASSIST DESIGN ARCHITECTS

Dr. Paul Tuohy ESRU, Strathclyde University
Key Findings
• Survey of ventilation habits 
• Most trickle vents closed - 63% closed 
• Hardly every changed 
• Window opening more frequent - daily 
• Drivers - temperature 
• Barriers - heat loss 
• 20% leave bedroom windows open at night 
• 40% have bedroom doors closed at night 
• Lack of knowledge - 82% had received no 
advice on ventilation
Trickle vent performance
• % time over 1000ppm at night 
• Significant periods of time with low ventilation 
• Mitigated by window opening 
• Better with open vents - but not effective
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Sharpe, Tim (2014) Investigation of 
Occupier Influence on Indoor Air Quality 
in Dwellings. Technical Report. Scottish 
Government.

Sharpe, Tim, Farren, Paul, Howieson, 
Stirling, Tuohy, Paul and McQuillan, 
Jonathan (2015) Occupant Interactions 
and Eﬀectiveness of Natural Ventilation 
Strategies in Contemporary New 
Housing in Scotland, UK. International 
Journal of Environmental Research and 
Public Health, 12 (7). pp. 8480-8497. 
ISSN 1660-4601

Resultant air change rates
• House with closed windows but open trickle vents 
• No houses met requirement for IAQ = 8 l/s/p  
• 42% below requirements for moisture control in regulation (0.5ach)
Meta-Study Of Dwellings With MVHR Systems 
Innovate UK
Tim Sharpe, MEARU

Ian Mawditt, Fourwalls

Rajat Gupta, OBU
• Comparison of average and peak CO2 levels in bedrooms of MVHR and non MVHR 
• Not time weighted 
• NB - predominance of Passivhaus MVHR systems 
• Limited datasets
In-use performance
• Comparison of average and peak CO2 levels in bedrooms of MVHR and non MVHR 
• Not time weighted 
• NB - predominance of Passivhaus MVHR systems 
• Limited datasets
In-use performance
Meta Study - flow rates
• Building to 2006 and 2010 standards 
• For 2006 buildings 32% below 
• For 2010 buildings 67% below 
• Extract rates below standards: 
• 56% kitchens 
• 39% bathrooms  
• 70% ensuites and 62% utilities 
• Passivhaus is generally better, 85% met 
regs
Meta Study - balance
• 60% more than 15% out of balance 
• Imbalance will impact on energy recovery - hard to quantify 
• Other consequences - interstitial leaks of moisture
Building Performance Evaluation
• Knowledge Transfer Partnership with Cartwright Pickard Architects 
• Evaluation of 20 dwellings across London 
• 24,000 similar homes in 2012
MVHR issues
• Design intentions 
• Design integration 
• Ducts type and size 
• Missing vents in bedrooms 
• Unbalanced systems 
• Unit location for filter cleaning 
• Construction debris 
• Noise 
• Occupant understanding 
• Lack of maintenance strategy
cartwright pickard architects
40
Building Performance Evaluation 
Poplar HARCA
CASE STUDY 1
CSH 32 SPRING
MECHANICAL VENTILATION TESTING 
 
MVHR make/model
Model: Vectaire WHHR100/90DC-B Plus
Ducting type: Rigid
System design: Vectaire
Maintenance
Figure 1.11 demonstrates the maintenance procedure that 
was undertaken on the MVHR system. The procedure was 
timed and took 1.5hrs. The procedure is difficult for one 
person to safely again access and it is obvious that no 
consideration has been given to the ongoing maintenance 
of the unit, because gaining access is time consuming 
and requires screwing back into the plasterboard ceiling, 
which isn’t a practical fixing for allowing continuous 
access.  
The filters appeared to be very dirty. The manufacturers 
guidance states;“Filters should be cleaned annually and 
replaced when heavily contaminated.” 
The manufacturer does not supply any documentation 
which helps to indicate when a filter would be deemed to 
be “heavily contaminated”. 
Unscrew the timber panel The screws are fixed to the plasterboard making it difficult to re-attach the timber 
panel 
Unscrew the lid of the MVHR unitPull out the dirty filtersInspect and clean filters or replace
Figure 1.11: Filter changing procedure 
1.5.2 Ventilation
cartwright pickard architects
Building Performance Evaluation 
First Wessex
296
CONCLUSIONS
Ventilation
5.3 Ve tilation
19 MVHR sound/noise attenuation: 2 of the 4 case studies reported problems with the noise of the MVHR system and n both cases the occupants turn the system off at night (one on purpose, case study 2 & the other unintentionally - case study 1).  
 
The issues with the noise are most likely due to the use of flexible ducting and the general poor 
installation of this ducting. This will require the system to work harder to supply the required 
flow rates and mean that more noise is generated. In one instance it also appeared that the 
anti-vibration dampers had not been installed correctly. 
Ensure the system has been properly installed with rigid, rather than flexible, ducting, with 
anti-vibration (AV) mounts, and has been commissioned properly with a boost and trickle 
setting that meet the required flow rates. Both AV mounts fitted above metal bracket 
and so will not prevent vibration
cartwright pickard architects
Building Performance Evaluation 
First Wessex
CASE STUDY 4
266
CSH 42
Ducting
The flexible ducting used the MVHR system appears 
to have been poorly installed. Using flexible ducting 
will have met 2006 Building Regulations, however, 
the manufacturers, Nuaire, commented that rigid 
ducting is preferential over flexible ducting.
The photographs taken in the loft space indicate 
that the duct work has not been pulled taut. 
The top photograph demonstrates a poor detail, 
whereby 2 pipes have been strapped together. The 
manufacturers recommend that this detail should 
use a rigid pipe conne tor, which will prevent the 
free area of the pipe from being squashed and thus 
reduce the required fan power. The diagram from 
Building Regulations Part F (2006) indicates best 
practice with regard to flexible ducting.
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Ducting
The flexible ducting used the MVHR system appears 
to have een poorly installed. Using flexible ducting 
will have met 2006 Building Regulations, however, 
the manufacturers, Nuaire, commented that rigid 
ducting is preferential over flexible ducting.
The photographs taken in the loft space indicate 
that the duct work has not been pulled taut. 
The top photograph demonstrates a poor detail, 
whereby 2 pipes have been strapped together. The 
manufacturers recommend that this detail should 
use a rigid pipe connector, which will prevent the 
free area of the pipe from being squashed and thus 
reduce the required fan power. The diagram from 
Building Regulations Part F (2006) indicates best 
practice with regard to flexible ducting.
4.8 Ventilation system
• Airborne Bacteria and Fungi Concentrations in Airtight Contemporary Dwellings 
• Ventilation issues in Passivhaus projects - overheating
Air Quality in Passivhaus
House	
No.
Occupancy	
A=Adult, C=Child
Reported	presence	
of	mould
Monitored	bedroom	
conditions
Main	heating
fuel
No.1 2A,	1C Yes Spare	room Natural	gas	(fire)
No.2 2A,	1C No Playroom Natural	gas	(fire)
No.3 2A,	2C Yes Childs	bedroom Natural	gas	(fire)
No.4 2A,	1C No Childs	bedroom Electric	(fire)
No.5 2A No Spare	room Electric	(fire)
No.6 4A,	1C Yes Teenagers	bedroom Natural	gas	(fire)
McGill, Grainne, Sharpe, Tim, Oyedele, Lukumon, Keeﬀe, Greg and McAllister, Keith (2015) An Investigation of indoor air quality 
in UK Passivhaus dwellings. In: Smart Energy Systems and Buildings for a Sustainable Future. Springer.
McGill, Grainne, Oyedele, Lukumon, Keeﬀe, Greg, McAllister, Keith and Sharpe, Tim (2015) Bedroom environmental conditions in 
airtight mechanically ventilated dwellings. In: Healthy Buildings Conference, Europe, 18-20th May, Eindhoven.
McGill, Grainne, Moore, John, Sharpe, Tim, Downey, Damian and Oyedele, Lukumon (2015) Airborne bacteria and fungi 
concentrations in airtight contemporary dwellings. In: Healthy Buildings America.
Sharpe, Tim and Morgan, Chris (2014) TOWARDS LOW CARBON HOMES – MEASURED PERFORMANCE OF FOUR 
PASSIVHAUS PROJECTS IN SCOTLAND. In: Eurosun 2014, 16 - 19 September 2014, Aix-les-bains, France.
Health effects of modern airtight construction
• AHRC Network Funding 
• With medical researchers University of Aberdeen 
• Investigating health effects 
• 3 networking events in the next 12 months 
• Multidisciplinary  
• http://hemacnetwork.com 
• Symposium Sept  
• platform for participants to present their research findings 
• Workshop Nov/Dec 
• develop research and output ideas 
• Sandpit Mar/Apr 
• Further refine and peer review 
• Develop network outputs
Ability of dMEV to act as ‘whole-house’ ventilation 
systems in new-build dwellings’
• Scottish Government Building Standards 
• 200 house survey 
• 50 houses detailed monitoring 
• Indicative: 
• circa 70% houses  
• High CO2 levels in bedrooms
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Influence of ventilation design on the prevalence of 
anti-microbial bacteria in homes
• AHRC funded - part of AMR pump priming initiative  
• Prof. Cath Noakes, Leeds University 
• Prof. Stephanie Dancer, NHS Lanarkshire 
• 200 house survey 
• 100 house microbiological sampling 
• 20 houses detailed monitoring and sampling
Conclusions
• Ventilation is not being designed 
• Compliance is prescriptive and achieved at design stages 
• The process and the product is fragmented 
• No-one has an overview of the whole process 
• BUT 
• Nothing will change without robust medical evidence of health effects 
• Construction is trial and error 
Thank you
• http://tinyurl.com/qzrbumo 
• Tim Sharpe t.sharpe@gsa.ac.uk 0141 353 4658
